A fast, sensitive, and target contaminant-modulable method was developed to detect viable bacteria, molds, and yeasts after heat treatment. By reverse transcriptase PCR with elongation factor gene (EF-Tu or EF-1␣)-specific primers, the detection level was 10 cells ml of milk
T ), Salmonella enteritidis (IP 8297
T ), Saccharomyces cerevisiae S288C (12) , Candida albicans (DSM 70014), Mucor racemosus (CBS 11308 T ), and Aureobasidium pullulans (CBS 14630 T ). E. coli and S. enteritidis were grown at 37°C in Luria broth (18) ; S. cerevisiae, C. albicans, M. racemosus, and A. pullulans were grown at 30°C in YPD (2% Bacto Peptone, 1% yeast extract [both from Difco Laboratories], and 2% glucose). Solid media were prepared by the addition of agar (2%; Difco Laboratories). Part of the cells were collected during the exponential growth phase in 2-ml samples and exposed to lethal conditions by incubation at 65°C for 15 min (E. coli, S. enteritidis, S. cerevisiae, and C. albicans) or at 120°C for 30 min (M. racemosus and A. pullulans). Serial dilutions of samples were plated on agar media to check the viability and numerate cells. For molds, spores were plated on OGY Agar medium (Merck). On the other hand, samples were used to inoculate milk samples.
In order to detect contaminants in milk, serial concentrations ranging from 10 5 to 1 cell ml Ϫ1 were performed in commercially available cow milk pasteurized at an ultrahigh temperature. PCR interference by the milk was eliminated by four cycles of washing with phosphate-buffered saline (PBS) as mentioned by Cooray et al. (3) . A filtration step was added. The final pellet of washed milk was resuspended with PBS to the original volume of milk and filtered through a PBS-presoaked 25-mm-diameter polycarbonate membrane (0.8-m pore size; Millipore). The filter was transferred to a 15-ml Falcon tube (Becton Dickinson). One milliliter of PBS was added and vortexed vigorously for 30 s. After recovery, 0.5 ml more of PBS was used and the resulting suspensions were collected and then centrifuged for 5 min at 5,000 ϫ g. To extract RNA, 40 U of RNase inhibitor (Boehringer) and H 2 O adjusted with 0.05% diethylpyrocarbonate to inactivate nucleases (14) were added to a final volume of 50 l. Cells were then disrupted by adding 50 mg of glass beads (0.5-mm diameter; Biospec Products, Bartlesville, Okla.). The tubes were shaken twice for 20 s at 900 ϫ g, at 10-s intervals, and left on ice between periods of shaking. After decanting, 10 l of the lysate was transferred to a new tube. A solution containing 1ϫ EZ buffer (Perkin-Elmer), 2.5 mM manganese acetate, and 10 U of DNase I (RNase free; Boehringer) was added to a final volume of 20 l. This DNase step was included in order to prevent amplification of contaminating genomic sequences (20) . After incubation for 10 min at 37°C, DNase was inactivated by raising the temperature to 95°C for 5 min. Both steps, reverse transcription and PCR, were performed successively in the same tube. For the reverse transcription step, 15 l of the lysate digested with DNase I, 1ϫ EZ buffer, 1.4 mM manganese acetate, 0.3 mM deoxyribonucleoside triphosphate (Perkin-Elmer), 0.4 M each primer (upper and lower strands), and 5 U of rTth DNA polymerase (Perkin-Elmer) were added to a final volume of 50 l. The mixture was incubated for 2.5 min at 95°C, 20 min at 60°C, and 1 min at 95°C. For each step, 40 cycles were directly performed, each consisting of 15 s at 95°C and 30 s at 60°C. A final extension was performed for 10 min at 60°C. False-positive detection due to DNA contamination was verified by adding 5 l of the lysate digested with DNase I, 1ϫ Taq buffer (Boehringer), 0.2 mM deoxyribonucleoside triphosphate, 0.4 M each primer, and 2.5 U of Taq DNA polymerase (Boehringer) to a final volume of 50 l. The amplification products (10 l) were separated by horizontal gel electrophoresis (1 to 2% agarose in Tris-acetate-EDTA) and visualized by ethidium bromide staining and UV illumination. As a positive RT-PCR control, 0.1 g of total RNA was analyzed and extracted by using the RNAgent Total RNA Isolation kit (Promega). The amount of RT-PCR products was normalized with respect to a reference template corresponding to the reverse transcription and amplification of EF-1␣ from 0.1 g of total RNA of Triticum aestivum added in samples. To confirm the identity of amplified products, the bands of expected size were gel purified (Gel Extract kit; Qiagen), and then 1 l of the 50 l of DNA recovery solution was used as a template in a second PCR using internal primers (data not shown).
Using the above-mentioned RT-PCR setting, several controls were routinely carried out: negative control without cells (Fig. 1, lane 1) , RT-PCR control with pure extracted total RNA (Fig. 1, lane 2) , and DNase I control with single PCR on lysate digested with DNase I (Fig. 1, lane 3) . No detectable PCR products occurred; thus, inclusion of the DNase I step appears to prevent amplification of contaminating genomic sequences. Due to the fast RNA extraction procedure we used, we systematically coextracted DNA that gave false positives (data not shown). Other authors previously mentioned this problem (9, 20) , even though some others did not observe the same phenomenon (18) . The importance of the RT step was highlighted by performing RT-PCR on lysate without DNase I and RT-PCR on lysate without DNase I but with RNase ( Fig.  1, lanes 4 and 5, respectively) . In the second case, DNA only is responsible for the PCR product, giving a weaker signal.
We then tried to detect E. coli, S. cerevisiae, and M. racemosus suspended at serial concentrations ranging from 10 5 to 1 cell ml Ϫ1 in milk. With all the strains, it was possible to detect the elongation factor at contaminant concentrations as low as 10 cells ml Ϫ1 , corresponding to 5 to 10 cells per reaction tube in our procedure ( Fig. 2A to C, lanes 5) . No transcripts were detected at lower contaminant concentrations and in noncontaminated milk ( Fig. 2A to C, lanes 6 and 7, respectively) . The same intensity of specific band from T. aestivum total RNA suggests the level of RT-PCR is roughly the same in each dilution (Fig. 2D) . We used the same method on contaminated beer and yogurt, and microorganisms were detected with the same level of sensitivity.
The correlation between appearance of RT-PCR products and cell viability after heat treatment was verified by performing a time course experiment during heat treatment at 60°C. One half of the cells was used for our RT-PCR procedure and the other half was used for plating. For E. coli, no amplified products of EF-Tu mRNA were detected 6 min after heat treatment (Fig. 3A, lane 7) , and no colonies were detected on plates after 4 min. For S. cerevisiae, no amplified products of EF-1␣ mRNA were detected 8 min after heat treatment (Fig.  3B, lane 9) and no colonies were detected on plates after 2 min. We thus conclude that detection of mRNA for EF-Tu or EF-1␣ is appropriate for measuring cell viability and that the half-lives of these mRNAs are less than 6 min for EF-Tu and less than 8 min for EF-1␣ after heat treatment.
The RT-PCR procedure was then applied to a mix of living and dead cells after heat treatment of E. coli, S. cerevisiae, and M. racemosus in contaminated milk. When all cells had died (verified by plating), RT-PCR detection was negative (Fig. 4,  lanes 1) , indicating that the RT-PCR method developed in this study appears to detect only living cells. Although production of quantitative results is quite difficult by conventional RT-PCR, since the yield of both amplification (7) and reverse transcription (6) steps can be grossly variable in different reactions, the gel electrophoresis analysis showed a quantitative increase in the intensity of the specific band as the number of viable cells increased (Fig. 4, lanes 2 to 5) , indicating the apparent increase in RT-PCR target DNA as the number of viable cells increased.
In some case, foods are contaminated by several microorganisms of different families and different kingdoms. Therefore, it seemed helpful to develop a procedure in which various contaminants could be detected simultaneously in a simple step. In this way, we performed a simultaneous RT-PCR detection of the EF-Tu gene of E. coli and the EF-1␣ gene of S. cerevisiae and M. racemosus in one reaction. Using milk contaminated with E. coli, S. cerevisiae, and M. racemosus, the RT-PCR-amplified products of expected size (Table 1) were simultaneously detected when two (Fig. 5, lanes 4 to 6) or three (Fig. 5, lane 7) pairs of primers were placed in the same reaction mixture without modification of RT-PCR conditions.
RT-PCR is a powerful method in the detection of viable contaminants due to its high potential to increase detection sensitivities and its speed. The detection level was 10 cells ml of milk Ϫ1 , and the described RT-PCR setting, including washing and filtering of the milk sample, could be carried out in 4 h without need of a preenrichment step. The choice of the target gene is of importance. Unlike other genes (9) , the use of primers specific for the coding region of the elongation factor gene seems to be reasonable for several reasons. First, the elongation factor gene may be considered as an appropriate viability marker since inactivation of both the prokaryotic and eukaryotic corresponding genes is a lethal event (2, 4) . Second, the elongation factor gene encodes one of the most abundant prokaryotic and eukaryotic proteins (8, 17) , allowing a considerable increase in the sensitivity level. Third, the function conserved throughout prokaryotes and eukaryotes as well as the similarity of primary structures (10) of the elongation factor allows the modulation of the specificity of detection. As far as we know this study is the first description of simultaneous detection of viable organisms belonging to two kingdoms. Fourth, due to the short mRNA half-lives, detecting elongation factor mRNA would indicate the presence of living cells that had been present within about the last 6 to 8 min after heat treatment, depending on the microorganism studied.
We successfully transposed the procedure described in this study to use with yogurt and beer. This method can be used for the detection of viability after heat treatment of other contaminants in other foods, provided appropriate primers and food pretreatment are available. We are currently investigating more precise quantitative analysis by real-time quantitative RT-PCR.
